1 Local adaptation patterns have been found in many plants and animals, 2 highlighting the genetic heterogeneity of species along their range of distribution. 3 In the next decades, global warming must induce a change in the selective 4 pressures that drive this adaptive variation, forcing a reshuffling of the 5 underlying adaptive allele distributions. For species with low dispersion capacity 6 and long generation time such as trees, the rapidity of the change could imped the 7 migration of beneficial alleles and lower their capacity to track the changing 8 environment. Identifying the main selective pressures driving the adaptive 9 genetic variation is thus necessary when investigating species capacity to 10 respond to global warming. In this study, we investigate the adaptive landscape 11 of Fagus sylvatica along a gradient of populations in the French Alps. Using a 12 ddRAD-seq approach, we identified 7,000 SNPs from 570 individuals across 36 13 different sites. An RDA-derived method allowed us to identify several SNPs that 14 were strongly associated with climatic gradients; moreover, we defined the 15 primary selective gradients along the natural populations of F. sylvatica in the 16 Alps. Strong effects of elevation and humidity, which contrast north-western and 17 south-eastern site, were found and were believed to be important drivers of 18 genetic adaptation. Finally, simulations of future genetic landscapes that used 19 these findings predicted a severe range contraction and a shift towards higher 20 altitudes for F. sylvatica in the Alps and allowed to identify populations at risk, 21 which could be helpful for future management plans. 22 23
INTRODUCTION 27
The long-term survival and the distribution of species are triggered by 28 their ability to grow and reproduce in a given set of environmental conditions 29 (Hutchinson 1957) . When populations of the same species experience different 30 environments, adaptation to the local conditions may occur. As a result, 31 individuals have a better fitness in their local environment than individuals from 32 other populations (Rehfeldt et al. 2002) . Patterns of local adaptation are 33 commonly studied to better understand adaptation and especially the 34 equilibrium between natural selection and gene flow within a set of intra-specific 35 connected populations (Kawecki and Ebert 2004) . Better assessing the genetic 36 selective pressure encompassed by the different populations of a species leads to 37 a better understanding of the ecology and distribution of the species and can help 38 refine our vision of species homogeneity over space and time (Poncet et al. 2010 , 39 Manel et al. 2012 , Alberto et al. 2013a , De Kort et al. 2013 , Fitzpatrick and Keller 40 2015 .
41
Recent projections predict major environmental changes by the end of the 42 century (IPCC, 2007 and 2013) , and these changes are already impacting 43 biodiversity (Thuiller et al. 2005 , Bellard et al. 2012 ). This prediction is especially 44 true for mountainous plant and tree species (Pauli et al. 2012 , Thuiller et al. 2014 , 45 Duputié et al. 2015 , Trumbore et al. 2015 , which are expected to undergo a shift towards higher elevations (Penuelas et al. 2003 , Walther et al. 2005 , Parmesan 2006 , Beckage et al. 2008 , Lenoir 2008 , Shaw and Etterson 2012 . When 48 projections of species' responses to climate change have been investigated, the 49 studies have frequently been conducted using presence/absence with habitat 50 suitability modelling (Bakkenes et al. 2002 , Thuiller et al. 2005 . In such models, 51 in most cases, the species has been considered as a homogeneous unit, and any 52 potential heterogeneous genetic adaptations across populations have been 53 neglected (Alberto et al. 2013a , Bay et al. 2017a . Nonetheless, in the last decade, 54 it has been proposed that genetic heterogeneity should be considered when 55 studying species diversity and distribution (Jay et al. 2012 , Alsos et al. 2012 , 56 Steane et al. 2014 , Razgour et al. 2018 . To do so, the goal would be to translate 57 the genomic information into spatially explicit predictions of genetic and 58 especially adaptive variation (Schoville et al. 2012, Fitzpatrick and Keller 2015) .
59
Furthermore, some authors have suggested that local adaptation must be 60 integrated into estimates of the risk of species' range losses under climate change 61 scenarios (Morin et al. 2007 , Benito Garzon et al. 2011 , Mouquet et al. 2015 , Bay 62 et al. 2017b , Bay et al. 2018 , Exposito-Alonso et al. 2018 , Martins et al. 2018 . 
82
The present study uses a RDA-based approach and a large matrix of 83 genomic data to investigate the genetic-environment relationship and estimate 84 the potential deviance between current and future genetic composition optima in 
222
Finally, we controlled for a false discovery rate (FDR) by transforming the p-223 values into q-values using the procedure of the qvalue R package (Storey, 2002) .
224
We kept the loci with q-values less than 10 -4 , which corresponds to a false 225 discovery rate of 0.01%. 2014 for more details). In the same way as it was conducted for the current 246 climatic conditions, we used these projected variables to spatially predict the 247 RDA1 and RDA2 indices in the future. We then used the present occurrences of F. Building on these results, we conducted the RDA-based genome scan 322 procedure using the same five non-correlated climatic variables and the ancestry 323 of the individuals for K = 2 (averaged by population), as a conditioning matrix. We 324 retained the 3 first axes to process the genome scan, as indicated by the 325 screeplots (Fig. S4 ). The analysis with an FDR of 10 -4 retains 65 loci as outliers 326 among the 6,857 tested SNPs (Fig. 3A) . 
348
RDA2 was clearly associated with the altitudinal constraints.
349
In the same way, the correlation between the different outlier SNPs and the 350 RDA axes showed interesting patterns ( Fig. 3A and Fig. S5 ). Some of the 65 351 outliers were specifically associated with one of the two RDA axes, demonstrating 352 that the genetic variation associated with RDA1 and RDA2 was partially 353 supported by different loci (Fig. S5 ). The RDA procedure orientated ordination 354 axes in the direction of orthogonal environmental gradients. The two observable 355 sets of adaptive loci were thus "independently" associated with the two different 356 environmental constraints experienced by F. sylvatica in the French Alps.
357
Nonetheless, many loci were associated with both RDA1 and RDA2. Finally, the 358 variation in the allelic frequencies across the different sampled locations was 359 high for all 65 outlier SNPs (Fig. S5 ). The frequency differential varied from at 360 least 0.50% and up to 0.8%, showing that outlier identification was not based 361 only on small variations.
362
We extrapolated the adaptive genetic variation to the entire French Alps by 363 estimating the RDA1 and RDA2 scores in the entire range of F. sylvatica in the 364 French Alps (Fig. 4) . The two gradients showed some similarities but the RDA1 the southern areas of the range where the future index values (pixels with a value 381 >2 in Fig. 4 ) would exceed the values observed for the current climatic conditions 382 ( Fig. 4 and Fig. 5 ). However, we found that the predicted change of the RDA2 383 index was even more dramatic. According to the predictions, almost one-quarter 384 of the current location of F. sylvatica would be beyond the RDA2 index favourable 385 range in 2080 (Fig. 5 ). In this case, the change would mainly affect the lowland 386 parts of the range where the RDA2 values would go under the lower limit of the 387 index in the current climatic conditions (values < -2 in Fig. 4 and Fig. 5 ).
388
Different proxies have been measured to investigate the capacity of F. The statistical approach we used to investigate the drivers of local adaptation in 460 F. sylvatica is based on redundancy analysis (RDA) and is just starting to show its 461 potential in the field of genetics of adaptation (Lasky et al. 2012 , De Kort et al. 462 2014 , Steane et al. 2014 , Forester et al. 2016 and 2017 , Capblancq et al. 2018 . 
463

476
Here, we found that two principal environmental gradients have triggered two 477 relatively independent adaptive genetic responses in the French alpine 478 populations of Fagus sylvatica (Figs. 3 & 4) . The first adaptive genetic variation 479 identified was associated with both humidity and minimum and maximum 480 temperatures variations (RDA1 in Fig. 3 ). This gradient contrasts the northern 481 mountainous locations (i.e. high elevation) with the southern and valleys locations (i.e. low elevation) of the sampling zone (Fig. 4) . Previous studies have 483 described that southern and internal zones (e.g. Maurienne valley) of the Alps 484 receive less rainfall that impact the survival of beech populations (Ozenda 1985 , 485 Courbaud et al. 2011 . These regions showed the highest RDA1 index values (Fig.   486   4) , with values very close the extreme edge of the species range in term of 487 survival capacities (Fig. 5 ). Furthermore, this constraint is not the only one 488 exercising a selective pressure on the F. sylvatica genetic variation. We found a 489 second adaptive genetic gradient linked to environmental variations induced by 490 the altitudinal gradient (RDA2 in Fig. 3 & Fig. 4 ). Such finding strongly suggests 
496
To temper our results, it is important to note that, given a genome size of 535 497 Mbp (Kremer 2012), the 6,857 genotyped SNPs would be spaced at about 78, 000 498 bp on average. Linkage disequilibrium probably decays much more rapidly, even 499 around selected sites. We are thus aware that we certainly missed genomic We would like to dedicate this paper to the memory of our colleague and 587 beloved friend Eric Bazin , who was involved in the origin of this 588 work and who passed away too soon. We also would like to thank Jonas Baudry, 
